We have performed an unbiased search for outflows from young stars in Cygnus-X using 42 deg 2 of data from the UKIRT Widefield Infrared Survey for H 2 (UWISH2 survey), to identify shock-excited near-IR H 2 emission in the 1 -0 S(1) 2.122 µm line. We uncovered 572 outflows, of which 465 are new discoveries, increasing the number of known objects by more than 430 %. This large and unbiased sample allows us to statistically determine the typical properties of outflows from young stars.
INTRODUCTION
Jets and outflows can be considered a natural byproduct of the star formation process, with the infall of material from accretion discs around Young Stellar Objects (YSOs) simultaneously powering the ejection of gas and dust in collimated streams along the axis of the star's rotation. These outflows interact with the local environment via collisions generating fast shocks (10 -100 km s −1 ) which can be detected at much shorter wavelengths than the forming stars, making outflows incredibly useful signposts of early-stage and ongoing star formation. In the almost 40 years since they were first correctly recognised (Snell et al. 1980 ) much work has been done to understand the interplay between the accreted and ejected mass, the jet launching, collimation and propagation, the energetics and timescales involved, and the role of feedback from outflows in the star formation process (see the reviews of e.g., Bachiller (1996) , Bally et al. (2007) , Frank et al. (2014) ).
Despite the enormous progress that has been made thus far, it is still not clear which factors govern the properties of the outflows, such as the length, luminosity, and orientation. Do emission features (knots) form as a result of multiple accretion events ejecting material at different velocities, or by interactions with the local environment -or a mixture of both? Is the mass of the star, the evolutionary stage, or the proximity of neighbours to either trigger or disrupt the star formation process (via momentum feedback and turbulent energy) the most important among the stellar properties? How much of a role does the environment in the natal cloud play on large scales? In order to investigate these questions, we require large, unbiased statistical samples of young stellar outflows from across the Galactic Plane.
To establish just such a sample, the UKIRT Widefield Infrared Survey for H 2 (UWISH2) survey was carried out in order to image the Galactic Plane (Froebrich et al. (2011) , hereafter F11), with two extensions in 2013 to cover the Auriga and Cassiopeia, and Cygnus-X regions (Froebrich et al. 2015, hereafter F15) . The survey used a narrow-band filter centred on the molecular hydrogen ro-vibrational transition 1 -0 S(1) at 2.122 µm, which is produced via the shock excitation of hot, dense gas (T ∼ 2000 K, n ≥ 10 3 cm −3 ), and is an excellent tracer of shocks from YSO outflows, supernovae, and planetary nebulae. H 2 has been used to trace outflows since Garden et al. (1990) , but the first unbiased survey was a pioneering work by Stanke et al. (2002) in Orion A. Since then, hundreds of outflows have been detected across many regions in the Galactic plane, e.g. in Jiang et al. (2004) , Walawender et al. (2005) , Hatchell et al. (2007) , Davis et al. (2007 Davis et al. ( , 2008 Davis et al. ( , 2009 ), Varricatt et al. (2010) , Khanzadyan et al. (2012) , Walawender et al. (2013) , and Bally et al. (2014) , whilst Lee et al. (2012 Lee et al. ( , 2013 have investigated H 2 outflows from Spitzer-detected Extended Green Objects.
Near-infrared (NIR) tracers allow us to mitigate the effects of extinction that can obscure outflows in optical lines such as Hα and [S II ] but with greatly improved spatial resolution over other molecular transitions such as CO and SiO. Other NIR transition lines have also been used in surveys to find shocks from outflows, such as the 1.644 µm line of [Fe II ] used in the UWIFE survey (Lee et al. 2014) , the sister survey to UWISH2. Using combinations of lines can probe the interplay between different shock velocities and the environment the outflows are interacting with.
Using the UWISH2 data, the outflows in Serpens and Aquila (Ioannidis & Froebrich (2012a,b) , hereafter IF12a and IF12b respectively), and Auriga and Cassiopeia (Froebrich & Makin (2016) , hereafter F16) have been catalogued so far, with the remainder of the Galactic Plane yet to be analysed. In this paper we analyse the outflows in the Cygnus-X region, which represents a rich, highmass star-forming complex, home to a number of H II regions and young OB associations. The regions investigated in F16 represent low-mass starforming regions in the outer Galaxy, whilst the re- Figure 1 . A CO map of the Cygnus-X region of the Galactic Plane from Dame et al. (2001) , where higher levels of CO emission are represented with darker shades. We overlay a grid to demonstrate the coverage of the UWISH2 survey tiles in this region, representing an area of 41.99 square degrees. The black triangles mark the positions, in Galactic Coordinates, of all the outflows we detected.
gions investigated in IF12a and IF12b slice through the inner Galactic Plane between 18 • < l < 35
• and thus should represent the typical star formation environment in the Galactic Plane. In our followup paper (Makin & Froebrich, 2017 in prep.) we will perform the first statistical analysis to compare these regions against each other and probe the effects of these differing environments on the star formation process with a large and unbiased sample. This paper catalogues the outflows from YSOs in the Cygnus-X region as Molecular Hydrogen emission-line Objects (MHOs; Davis et al. (2010) ) based on the data from the UWISH2 survey. In Section 2 of this catalogue, we detail our methods and the UWISH2 data, whilst in Section 3 we present and discuss the results, in terms of the outflow and driving source properties, and also include a list of the newly identified candidate star clusters that were discovered as a result of this work.
2. DATA ANALYSIS
The UWISH2 data
We utilised data from UWISH2, specifically the extension toward the Cygnus-X region of the Galactic Plane as described in F15. Cygnus-X was observed between April 6th and December 11th in 2013. The survey used the Wide Field Camera (WFCAM; Casali et al. (2007) ) to obtain images in the 1 -0 S(1) narrow-band filter at 2.122 µm (∆λ = 0.021 µm), at the UK Infra-Red Telescope (UKIRT) in Hawaii. A total exposure time of 720 s per pixel was used, and micro-stepping during the observations gave a final pixel size of 0.2 × 0.2 . The typical 5σ surface-brightness detection limit is 4.1 × 10 −19 W m −2 arcsec −2 when averaged over the typical seeing in the data, which is 0.8 (F15). We also used J, H and K-band images obtained from the UKIRT Infrared Deep Sky Survey (UKIDSS; Lawrence et al. (2007) ) Galactic Plane Survey (UGPS; Lucas et al. (2008) ). UGPS used the same instrument and tiling set-up as the UWISH2 survey, hence the data from both surveys are consistent in terms of their quality and resolution. The UGPS per-pixel exposure time in the K-band, used for continuum subtraction, is 40 s.
In the extension toward Cygnus-X, the UWISH2 survey covered the approximate region from Galactic longitudes 74
• < l < 86
• and Galactic latitudes -3
• < b < 5
• . The layout of the UWISH2 coverage in this region is demonstrated in Fig. 1 , and in total, represents an area of 41.99 square degrees. In order to isolate the narrow-band H 2 emission we performed continuum-subtraction using K-band continuum images (K-filter at 2.201 µm with a 0.34 µm bandwidth) and applying psf-fitting to correct the seeing, following Lee et al. (2014) . In addition to H 2 -K images, we also constructed RGB images using H 2 -, K-and J-band data. All images (J, H, K, H 2 , and the H 2 -K difference images) are publicly available in FITS format on the UWISH2 website 1 .
H 2 -K and JKH 2 images
We examined the H 2 -K and JKH 2 images simultaneously in order to visually identify shockexcited emission-line features (knots) that likely belong to jets and outflows, based on the morphology and colour of the knots. Radiativelyexcited or fluorescing cloud edges, as well as image artefacts, are more readily identified when using both images in conjunction. Shock-excited H 2 emission is bright (positive-valued) in the H 2 -K difference images, and appears red in the colour JKH 2 images. Whilst fluorescently-excited cloud edges can be mistaken for shock-excited emission in the H 2 -K images, they appear brownish in the JKH 2 RGB images due to the inclusion of additional excited emission-lines in the J-and K-band continuum filters. This makes it easy to distinguish between fluorescently-excited cloud edges and shock-excited emission when both images are used for the identification.
Artefacts from very bright stars, such as electronic cross-talk, form donut-shaped rings or arcshaped features that can look like bow-shocks in the H 2 -K images, but tend to be comprised of a combination of superposed coloured rings in the colour images. Some artefacts may appear as bright (positive-valued) extended objects in the H 2 -K difference images, but appear dark in the colour images, instead of being red. All of these artefacts, and the cloud edges, are rejected as not being real shock emission, and we exclude them from both this catalogue and our analysis. Examples of these can be seen in Fig. 5 of F15 .
We found that frequently, the outflows can be situated on image edges or corners, and may span two or more images along their length. In order to be able to view these outflows in full, we used the Montage 2 software to create composite images for each of these cases.
Identifying outflows and their driving sources
2.2.1. The UWISH2 catalogue data
As our basis, we used the subset of objects classified as "jet" emission-line features falling within the Cygnus-X survey area, as listed in the catalogue of extended H 2 emission-line sources from UWISH2 (F15). The UWISH2 catalogue groups individual objects of the same classification if they are closer together than 0.1
• (corresponding to 2.4 pc at an assumed distance of 1.4 kpc). There are 210 such groups of "jet" emission in Cygnus-X, comprising 30 % of the total number of jet groups in the full UWISH2 catalogue. Emission is classified as "jet" in F15 if the morphology suggests shock-excited emission which is either recognisably an outflow, or likely part of an outflow (including isolated bow shocks and individual knots).
Assigning emission-line objects to outflows
Within each Cygnus-X group of jet features, we divided the emission-line features ("knots") into likely outflows based on factors such as the knot morphology and alignment, and gave each one an outflow ID number in the format [OF XXX]. For every group, we attempted to minimise the number of outflows we defined, particularly in complex regions without clear solutions. This means that where there were contiguous collections of knots, or where knots formed a chain but had no clear driving source, we assigned one outflow ID number to that collection of knots, rather than giving each knot its own ID number. We also included knots which did not have a high enough surface brightness to warrant inclusion in the UWISH2 catalogue. This typically applied to one or more knots per outflow, in line with what was found in Auriga and Cassiopeia (F16) .
When grouping the knots into outflows, we followed the methods described in the catalogue of Molecular Hydrogen emission-line Objects (MHOs; Davis et al. 2010) , so that each newlydiscovered outflow is also given a new MHO number in the format [MHO XXXX] and included in Figure 2 . A selection of previously unknown, H 2 -detected outflows discovered as a result of this survey. Outflow lengths are calculated using a distance of 1.4 kpc towards all objects. Full-size, high-resolution versions of each image are available both in the online journal and in the MHO catalogue. the MHO catalogue 3 . Since Cygnus-X is a wellstudied region of the Galactic Plane, there are 147 already-known MHOs falling within our survey area. Therefore, if the outflow we identify has already been discovered and has an entry in the MHO catalogue, we keep the MHO ID number that has already been assigned, and simply add any additional knots we have detected to it. In some regions, the association of H 2 features to outflows is not straightforward and hence there are some outflows comprised of more than one already-known MHO, particularly where each lobe in an outflow has previously been assigned separate MHO numbers. In the discussion section of this paper we will, for clarity, refer to both our assigned outflow ID number, and any corresponding MHO numbers when referring to any given outflow. Our data table (Appendix Table A ) and set of images (Appendix B) also follow this convention and list all corresponding MHO ID number(s) for each outflow.
Identifying driving sources
We utilised a selection of all-sky point-source catalogues in order to identify potential driving sources for our outflows (see Sect. 2.4.1 for further details). Using all-sky catalogues enables us to be consistent with analysis of outflows in Auriga and Cassiopeia (F16) and Serpens and Aquila (IF12a). Source candidate selection was based largely on alignment with the outflow axis, with preference given to those sources which had longer-wavelength catalogue entries, and to those with reflection nebulae extended toward the outflow lobes. Where multiple driving source candidates aligned with the outflow axis, we considered the degree of reddening and variability of each candidate in the near-and mid-infrared in order to inform our decision. We assigned each outflow a percentage "confidence" level in the selected source, such that those outflows with multiple pos-sible sources are given a low confidence, and isolated outflows with one good candidate source are given a high confidence.
There were some instances where a driving source could not be properly identified, i.e.:
• Outflows comprised of a clear chain of knots and an obvious driving source location, but no catalogue detections. For these, we recorded the location coordinates and called the source "noname", as was done in Auriga and Cassiopeia (F16), and Serpens and Aquila (IF12a).
• Outflows comprised of a clear chain of knots, but with neither catalogue detections nor obvious driving source locations. For these, we recorded coordinates at a reasonable location along the axis and called the source "unknown". We gave these sources a low confidence level.
• Groups of individual, uncollimated knots. We called the source "unknown" and gave them a confidence level of zero to exclude them from all analysis. We record their coordinate location as the mean position of all the knots.
Measuring the outflow properties
We noted whether each outflow is bipolar (both lobes are detected), single-sided (only one lobe is detected), or a single knot (this includes pairs and collections of knots with no clear source). The properties of each lobe were measured separately.
We measured the length of each outflow lobe from the coordinates of the assigned driving source, out to the furthest tip of the most distant knot in that lobe. We then measured the position angle from the north direction towards east. Each outflow sub-feature was labelled sequentially, starting with 'A' at the knot furthest from the source. For bipolar outflows, this began from the end of the lobe with the smallest position angle, toward the lobe with the largest position angle.
Sub-features in groups of individual knots were not labelled in any particular order.
In each outflow lobe we measured the gaps and position angles between sequential knots (or clusters of knots in very complex bow shocks). This only applies to single-sided or bipolar outflows; groups of individual emission knots were excluded. We drew manual contours around each emission-line knot using the H 2 -K images. This ensured that all possible H 2 emission in an outflow was captured (including where the knots were too faint to be included in the UWISH2 catalogue), while excluding emission contributions from bright stars and radiative emission from cloud edges. We also measured the local background flux near each outflow by drawing a contour around a nearby region containing no H 2 emission. We then measured the integrated flux inside each contour, and calibrated the fluxes in the same way as described in F15. In Appendix Table A we show the total flux for each outflow lobe (in the case of collections of single knots, we show the total flux from all the knots). Note that no correction was made for additional line fluxes from other lines in the K-band filter used for the continuum subtraction since the precise corrections required depend on the excitation conditions (such as temperature, shock speed, density and non-shock excitation mechanisms). Therefore there is a systematic underestimation in the fluxes of about 30 % on average. However, this will not change our results as we investigate only the statistical distributions, and assume that all shocks are produced in similar conditions. 2.4. Measuring the properties of the driving sources 2.4.1. The point-source catalogues
We checked every candidate driving source against: UGPS ; the Two Micron All Sky Survey (2MASS, Skrutskie et al. 2006) ; the AllWISE data release (Cutri & et al. 2013) ; the AKARI / IRC mid-infrared all-sky survey (Ishihara et al. 2010) ; the AKARI / FIS AllSky Survey Point Source Catalogues (Yamamura et al. 2010) ; the Bolocam Galactic Plane Survey (BGPS, Rosolowsky et al. (2010) ); and Infrared Astronomical Satellite (IRAS, Neugebauer et al. (1984) ) point-source catalogues.
Where a driving source was detected in one (or more) of these catalogues, we logged the ID number(s). For UGPS, 2MASS and WISE, we also recorded the magnitudes in each filter associated with the ID(s). For AKARI, BGPS and IRAS detections there can be a large offset in the coordinates, so we avoided attributing these IDs to a source if the detection was too distant from the outflow. Where there were multiple YSOs in a small group, the flux from these far-infrared and sub-mm detections is most likely attributable to the whole group and hence we did not record the fluxes from these catalogues. In Appendix Table A we show where an outflow has a detection in each of these catalogues, and the coordinates listed are those associated with the selected driving source. Where the source is detected in UGPS we preferentially use that ID and coordinate position. If the source has no detection in UGPS, we use the ID and coordinates of the shortest-wavelength catalogue in which it is detected. Where there is no identifiable driving source, we use the mean coordinate position of the H 2 emission-line knots that comprise the outflow.
Near-and mid-infrared magnitudes
We recorded the NIR magnitudes from UGPS and 2MASS (shown in Appendix Table A) for all outflow driving sources that have detections in those catalogues. We calculated the J-H and H-K colours for all sources with magnitudes in at least one of these catalogues, and the variability for all sources that have at least two K-band magnitudes.
From WISE, we logged the mid-infrared (MIR) magnitudes (shown in Appendix Table A) . From this we calculated the slope, α, of the spectral energy distribution (SED) for each source with an AllWISE detection. We used all four WISE bands between 3.4 µm and 22 µm, following the method detailed in Majaess (2013) . In our analysis, we compare the effects of the evolutionary stage on various outflow properties; the youngest/least evolved objects are protostars (α > 0) and the oldest/more evolved objects are classical T-Tauri stars (CTTSs, α < 0).
Environment
To investigate the environmental dependence of outflow properties, we noted the type of environment that each outflow appears to originate from. It must be stated that in this paper, we use the word "cluster" rather loosely and not solely in the traditional meaning of Open and Galactic clusters. Where we refer in Appendix Table A to "clustered vs. non-clustered" environments, we intend that "clustered environment" describes any area of ongoing star-formation activity, including star forming regions, H II regions, compact groups of reddened stars and known YSOs, particularly those with large amounts of circumstellar and reflection nebulosity. Non-clustered refers to any environment where the outflows and YSOs are more widely spread and generally isolated.
In Appendix Table C we list all the previously unknown candidate clusters and groups of YSOs identified in the near-infrared JHK images that are associated with, or are in proximity to, our outflows. We did not perform a systematic search for clusters in our survey and hence there are likely more yet to be discovered. In this table we refer to "clusters" and "groups" to describe the general appearance of the collections of stars. In this usage, "cluster" (as opposed to "clustered" as described above) refers to an unknown and reasonably circular collection of stars, irrespective of the number of apparent members, and a "group" refers to a collection of stars that show a more loose and filamentary structure. We also estimate the number of members visible in our JHK images, any outflow IDs associated with it, and further comments on each, such as whether or not the cluster is associated with any known IRAS objects, H II regions or star forming regions.
Distances to outflows
In Cygnus-X we look down a spiral arm (Wendker et al. 1991) , with complex interlayering of molecular clouds superimposed onto each other along the line of sight. The typical range of distances in Cygnus-X can be anywhere from ∼ 700 pc toward the Cygnus Rift, up to a few kpc toward e.g. Westerlund 1 (∼ 4 kpc, Kothes & Dougherty (2007) ), but distances can be much further. This means that attempting to ascertain accurate distances to our outflows is beyond the scope of this paper. Instead, we use the commonly adopted distance of 1.4 kpc toward all the outflows in our survey (based on e.g., the Red MSX survey (Lumsden et al. 2013) , the maser parallax study of Rygl et al. (2012) , and other studies such as Varricatt et al. (2010) , Rivera-Gálvez et al. (2015), Kryukova et al. (2014) ). This does mean that the error margins on the distances toward our outflows may be rather large, and if the outflows are systematically located further away than this then the lengths and luminosities we report will be underestimated. We will investigate the extent to which our distributions are affected by this in a follow-up paper with better-constrained distances toward individual outflows, where these can be determined.
Statistical testing
In our analysis, we investigated the bulk properties of our outflows by dividing each of our samples (e.g., the lobe lengths) into sub-samples according to some other parameter (e.g., whether the driving source is a protostar or CTTS, or whether it originates from a clustered or isolated environment). We then performed 2-sample KolmogorovSmirnov (KS) tests of these sub-samples against each other, with a null hypothesis that they are drawn from the same parent distribution. We accept the null hypothesis if the probability p > 90 % (i.e., they are drawn from the same distribution) and reject it if p < 10 % (they are drawn from dif-ferent distributions). Where we refer to the KS test in the results and discussion section, we provide the percentage probability value. If the test results in a probability 10 % < p < 90 %, the test is considered inconclusive.
3. RESULTS AND DISCUSSION 3.1. The Cygnus-X outflow catalogue
The spatial distribution of the outflows we defined in Cygnus-X is demonstrated in Fig. 1 . We mark the coordinate position of each outflow with a black triangle on top of the CO map from Dame et al. (2001) , where we have also overlaid a grid showing the coverage of the UWISH2 survey in the region. Clearly, the majority of our outflows are situated within high column density CO features.
In total we identified 572 outflows, 261 of which (46 %) are bipolar outflows, 152 (27 %) are singlesided outflows (i.e. with only one lobe visible), and 159 (28 %) are individual knots or collections of knots. Of our 572 outflows, 107 (19 %) are comprised (in part or wholly) of objects already known in the MHO catalogue. Of the already-known MHOs that fall inside our survey area, all but one are accounted for in our survey. MHO 3411 is the only exception: although it was detected, it appears in our images as a point source rather than an extended H 2 emission-line feature, and hence was excluded from our list. This catalogue therefore represents an addition of 465 entirely new outflows, which is the single largest collection of newly identified H 2 outflows published to date (and an increase of 435 % over the 107 previously known outflows in our survey area).
Out of the 210 groups of "jet" emission features originally defined in F15, ten were found to contain only fluorescently-excited cloud edges and hence have been rejected. Perhaps unsurprisingly, the group containing the largest number of outflows was the one comprising the DR 21 region, with 38 outflows (although the majority of these are already known in the MHO catalogue from Davis et al. (2010) ). The median number of outflows per group is 1, and on average we find 2.8 outflows per group in Cygnus-X and 2 outflows per group in Auriga and Cassiopeia (F16). There are 450 groups across the Galactic Plane which are yet to be investigated: we estimate that the number of undiscovered outflows in UWISH2 may be anywhere between 900 and 1200. Since the UWISH2 survey has yielded a total of 801 outflows so far from the regions that have been investigated, we estimate that the final total of outflows from UWISH2 will be up to 2000.
In Appendix Table A we present the outflows we defined, along with the following properties: (1) the Outflow number we assigned; (2) the MHO number, as listed in the MHO catalogue; (3-4) the Right Ascension and Declination in J2000 of the outflow driving source; (5-6) the length of each lobe measured in degrees; (7-8) the position angle of each lobe measured in degrees; (9-10) the total flux in the lobe(s); (11) whether the outflow seems to originate from a cluster (Y) or not (N); (12) whether the outflow is bipolar (B), single-sided (S) or a single knot/collection of knots (K); (13) the identifier of the most likely driving source; (14) the confidence level (%) that the source we have identified is correct; (15-18) NIR magnitudes from UGPS; (19-21) NIR magnitudes from 2MASS; (22-25) MIR magnitudes from AllWISE; and (26) the point-source catalogues in which the driving source is detected (G for UGPS, 2 for 2MASS, W for AllWISE, A for AKARI, B for Bolocam GPS).
The corresponding images for each outflow are found in a figure set in the online journal, an example of which can be found in Appendix B. Some of the outflows are also detected at other wavelengths. Of our outflows, 27 (4.7%) are associated with known Herbig-Haro (HH) objects, and 38 (6.6%) have been measured as CO outflows in Gottschalk et al. (2012) . Where we find that our outflows have been detected in other surveys, we list the relevant ID numbers in the caption for the image of that outflow in the figure set. From cluster Not from cluster Figure 3 . A near-infrared colour-colour diagram using data from both UGPS and 2MASS. Where a detected driving source has data missing from one or more of the UGPS bands, or the source is saturated in UGPS we use the 2MASS magnitudes instead (where available). The size of the scatter points increases with our confidence in the assigned driving source. The dark circles represent sources located in clustered environments, whilst the pale squares signify sources that are more isolated. A number of objects sit above the dashed lines representing the reddening band for normal stellar photospheres, and these are discussed in more detail in Sect. 3.2.2.
Driving source properties
For the bipolar outflows, we have identified potential driving sources for 215 (82%) of them, and likely driving source locations for 27 (10 %). By "driving source location" we refer to the cases where there are no detections in our selected catalogues, but we can still make a reasonable estimation of the most likely location for the driving source. For instance, where two bow shocks are travelling away from each other so we can suggest that the source lies between them, or where there is a dark region of cloud bisecting the outflow axis suggesting a potentially embedded driving source. For the single-sided outflows, 146 (96 %) have been assigned driving sources. In some cases, more than one outflow may appear to originate from the same driving source e.g., OF 327 (MHO 3955) and OF 328 (MHO 3956).
These "multi-polar" outflows will be discussed in more detail in Sect. 3.3.1.
Clustered vs. non-clustered environments
For the small fraction of outflows where we couldn't identify a reasonable driving source, it is still possible to judge whether or not the outflow likely originates from somewhere in a cluster of stars, or is more isolated. Since most stars form in clusters, and the majority of protostars (α > 0) and CTTSs (α < 0) are located in clusters, it is reasonable to expect that most of the outflows driven by young stars would be found in or around clusters. What we actually found in Cygnus-X is that 238 (42 %) of H 2 outflows are associated with clusters, compared to 334 (58 %) which are isolated. The same result was found in Auriga and Cassiopeia (F16; 41 % clustered vs. 59 % non-clustered). It may be that this result represents an evolutionary trend, i.e. that sources visible in NIR clusters are older than the more isolated sources. We see a higher proportion of young driving sources outside of clusters; in Cygnus-X 34 % of our young driving sources are found in clusters, but 46 % are isolated (compared to 28 % and 41 % respectively, in Auriga and Cassiopeia). Since these fractions are so similar, it is unlikely to be a selection effect (i.e., that we cannot see the clusters in Auriga and Cassiopeia simply because they are further away).
Near-and mid-infrared magnitudes
Of the 413 outflows that are either bipolar or single-sided, 269 (65 %) have candidate driving sources with detections in all four WISE filters. When we calculate the slope of the SED (α), 215 (80 %) of the WISE-detected sources have a positively sloping SED, and 54 (20 %) have a negatively sloping SED, suggesting that the majority of our driving sources are protostars.
We checked the NIR colours of the bipolar and single-sided driving sources, 294 of which (71 %) have detections in either UGPS, 2MASS, or both. Figure 3 shows the NIR colour-colour diagram of these driving source candidates, where we prefer-entially use UGPS data if there are magnitudes in J-, H-and K-bands (due to the improved resolution), else we use 2MASS. We also use 2MASS data if the K-band magnitudes are brighter than 10 mag in UGPS, which accounts for the saturation limit. Although most of the sources are along or under the reddening band, there is a considerable amount of scatter. We investigated the possible reasons for this and find that generally, it either occurs with sources in star-forming regions (such as in the vicinity of DR 21 or other dusty areas) or is caused by variability. There are also some cases of potential binary systems (such as with OF 448 and OF 449, already-known MHO 3400), and some cases where the 2MASS data has been used because UGPS is missing data from one or more filters, but the UGPS images show two or more very close stars that are unresolved in 2MASS.
Near-infrared variability
Since we had up to three K-band magnitudes for 294 of the sources, we investigated the NIR variability within the K-band. Between the K 1 and K 2 bands in UGPS, we find that 267 objects have detections in both epochs; 62 % (166 objects) are variable by more than 0.1 mag, and 19 % (50 objects) by more than 0.5 mag. Only 9 % of candidate sources are variable by more than 1.0 mag (24 objects). There is no statistical difference between objects that are increasing or decreasing in magnitude between the two epochs of UGPS.
By contrast, there are 168 source candidates with detections in both 2MASS (K S ) and the first epoch (K 1 ) in UGPS. Over the typical timescale of several years, 121 of these 168 (72 %) are variable by more than 0.1 mag, and 52 (31 %) have a greater variability than 0.5 mag. Thirty-four of the objects show more than 1.0 mag of variability (20 %). However there is a systematic preference for objects in 2MASS to be brighter than the UGPS counterpart, most likely as a result of the improved resolution in UGPS being able to distinguish between stars that appear as single objects in 2MASS.
We cross-matched our list of variable sources (with more than 1 mag of variability) with the list from UGPS (Contreras Peña et al. (2014) and Lucas et al. 2017; subm.) . In total, only five of our sources matched with theirs (our outflow number and the corresponding MHO number, followed by the Variable ID number from Lucas et al. 2017 Of the remaining stars, most were not included in the Lucas et al. catalogue due to the stars having K > 16, being saturated or being otherwise flagged as not having perfectly reliable photometry in one or both epochs in UGPS. Three of our variable sources are counted twice due to being source candidates for multi-polar outflows, and some of the sources show circumstellar nebulosity and hence are not point sources (excluding them from the Lucas et al. catalogue). It should be noted that some of our sources may not be genuine variables since we did not exclude those with nebulosity, but we include them for completeness.
3.3. MHO properties 3.3.1. Outflow orientation
In Fig. 4 we show the distribution of position angles for all the bipolar and single-sided outflow lobes as measured from North toward East. Where the measurement results in an angle greater than 180
• , we subtract 180
• so that all angles are between 0
• and 180
• . In the case of the bipolar outflows we measure the properties of each outflow lobe separately, and hence we use the average position angle between each lobe pair to represent the orientation of the outflow axis. In order to investigate whether there is any preferential orientation in the position angles of our outflows, we created a homogeneous test distribution between 0 -180
• . We then performed twosample KS-tests of the outflow lobe position angles against this homogeneous distribution, with a null hypothesis that they are drawn from the same sample. We find that the bipolar outflows are homogeneously distributed (p = 97.5 %), but that the test is inconclusive with regard to the single-sided outflows and the total (bipolar and single-sided together). We tested the single-sided and bipolar distributions against each other, but the test is also inconclusive here (p = 56.7 %). This is not what was found in Auriga and Cassiopeia, where the test was decisively in favour of the distributions all being homogeneous.
This being the case, we do note some apparently preferential orientation with respect to local dust lanes/filaments in the regions around e.g. DR 21 and W 75 N, a result that was originally noted in Davis et al. (2007) . This may partly explain the apparent ambivalence of the KS-test results. Another possible explanation may be that in Cygnus-X, we find that the bipolar outflows may not be perfectly straight. In Auriga and Cassiopeia, most were more-or-less straight, with a median angle difference between the bipolar lobes (∆ θ) of ∼ 5
• and only 8 outflows (14 % of the bipolar flows) with ∆ θ > 10
• . In Cygnus-X, although the median ∆ θ is 5.5
• , there are 75 outflows (28 % of the bipolar flows) with ∆ θ > 10
• . The reason for this large fraction of "bent" outflows is unclear. It may be a bias resulting from the method we used to measure the position angle, i.e., measuring to the tip of the furthest knot, rather than through the centre of the outflow axis. However only 17 (23 %) of the outflows with ∆ θ > 10
• show signs of precession, so this does not account for the remaining objects. This may therefore be a result of the dustier environment in Cygnus-X deflecting the outflows.
Of the total of 572 outflows, 50 (9 %) exist in multi-outflow systems, typically forming Xshaped crosses of two or more bipolar flows. Four outflows form a complex structure with one long, straight outflow OF 097 (MHO 3879) crossed by three more, OF 096 (MHO 3880), OF 098 (MHO 3881), and OF 099 (MHO 3882). Six outflows form two triplet systems; OF 247 (MHO 3466), OF 248 (MHO 3467), and OF 249 (MHO 3468) form the first triplet and OF 275 (MHO 3846), OF 276 (MHO 3847), and OF 586 (MHO 3848) form the second. The remainder are quadrupolar, X-shaped outflows (although five of these have only one lobe visible). In Auriga and Cassiopeia, 10 % of the outflows exist in such multi-polar systems, all of them being quadrupolar, X-shaped flows (F16). It is unclear whether these are wide-binary (or higher order multiple) systems as found by Lee et al. (2016) in Perseus, or simply the result of a projection effect, i.e., outflows originating from sources along the line of sight that are superposed onto each other, giving the impression of being multi-polar. One interesting point to note about outflows in these multi-polar systems is that 42 % of them show signs of precession, compared to only 22 % of the rest of the population, favouring the binarity explanation. In Auriga and Cassiopeia, the only outflows showing precession were found in multi-polar systems. Further observations would be required to properly investigate this phenomenon, although we note that of the 17 pairs of outflows forming X-shaped systems, 7 (41 %) are preferentially anti-aligned, i.e. with angle differences of 70
• -90
• between the outflows, with the remainder being randomly oriented (between 20
• and 70
• ). None were found to be tightly aligned (less than 20
• between the outflows). This is in agreement with the findings of Lee et al. (2016) .
We also have ten outflows in Cygnus-X forming close parallel pairs with less than 20 separation between the driving sources; OF 018 and OF 019 (MHO 979 and MHO 978) 
Outflow lengths
Traditionally, outflow lengths are measured from end-to-end ("total length"), irrespective of whether one or both lobes are visible. We measured the length of each outflow lobe separately, from the coordinates of the most likely driving source, to the furthest tip of the most distant knot from that source ("lobe length"). In this case, we found 41 (16 %) parsec-scale bipolar outflows (i.e., with a total length over 1 pc at our assumed distance of 1.4 kpc), and the median total length of the bipolar flows is 0.45 pc. As was found in Auriga and Cassiopeia (F16), we note that there is a distinct difference in the length distributions produced by these measurements, and hence the way that the outflow lengths are measured is important. We demonstrate this clearly in Fig. 5 .
In the top row we show the projected lobe length distributions. On the left, we show the results of measuring the lobe lengths independently, and on the right the total outflow lengths (end-to-end), in each case splitting the distribution into bipolar and single-sided outflows. Since the bipolar outflows each have two lobe length measurements associated with them, we normalised all distributions to the same total number of objects. Note that the "tail" of very long outflows continues up to just under 4 pc in the right-hand panel due to some extremely long outflows (such as the W 75 N main outflow), so the x-axis has been truncated. This excludes two outflows from the left-hand panel and seven from the right-hand panel. Some of the outlying, very long outflows are discussed further in Sect. 4. It is likely that these measurements represent lower limits to the outflow lengths since we only measure the parts of the outflow interacting with H 2 and the outflows will lose their molecular tracers to the UV-rich ISM once they emerge from their natal clouds. An example of this is presented in Sect. 4.2.1.
We KS-tested the bipolar and single-sided distributions against each other for both of these scenarios. For the lobe lengths, the KS-test is inconclusive (p = 62 %), but it very clearly rejects the total outflow length distributions being from the same parent sample (p = 4 ×10 −8 %). This is represented graphically in the bottom row of Fig. 5 , where we show the cumulative distribution functions (CDFs) that correspond to the top row. The dashed line represents the single-sided lobe distribution in each panel, which provides a useful point of reference since it doesn't change whether one measures the lobe length or total length. This shows clearly that the distributions of bipolar vs. single-sided lobe lengths are more similar, to each other and to the sample as a whole, than the total length distributions which are all poorly correlated with each other. Together, these results suggest that measuring outflow lengths in the traditional way (from end-to-end), or at least mixing the bipolar and single-sided outflows when measuring the total lengths, should be avoided. Therefore, where we refer to "length" or "length distribution" in the remainder of this paper, we intend to include all single-sided and bipolar lobe lengths, and not the total lengths.
Outflow asymmetry
In order to investigate the degree of symmetry between pairs of outflow lobes, we calculated the ratio between the lengths of the shorter lobes over the longer ones for all bipolar outflows. A perfectly symmetrical outflow would have a length ratio of 1, and all values are between 0 and 1. We find that the typical outflow is slightly asymmetrical, with a median length ratio of 0.7 and the length ratios are mostly homogeneously distributed between 0.5 and 1.0. We show this in the left-hand panels of Fig. 6 . We pair the lobe length distributions (top left pair of panels) with the length ratio distributions (bottom left pair of panels), split for clustered/non-clustered environment, and protostellar / CTTS driving sources. We overlaid these onto the parent distributions ("all" lobes) shown in grey to give a point of reference. Whilst all the histograms are normalised to the same total number of objects, the background is stretched by a factor of two to improve visibility.
KS-testing for each pair of sub-samples in Fig. 6 showed that the outflow lengths in clustered and non-clustered environments are not from the same distribution (p = 0.07 %), but was inconclusive for the outflows from protostars vs those from CTTSs. The very shortest outflows tend to come from nonclustered environments. The situation is reversed for the lobe length ratios, where the test was inconclusive for the clustered and non-clustered environments, but showed that the flows driven by protostars and CTTSs are clearly from different distributions (p = 0.8 %). Although there are far fewer highly asymmetrical outflows, they tend to be preferentially driven by older CTTSs. It is not clear if this is a selection effect caused by the fact that we only have WISE detections for around half of our outflows, or if it reflects a real evolutionary trend where outflows begin as symmetrical and become less so over time due to interactions with an inhomogeneous interstellar medium.
Knot properties: knot fluxes and knot gaps
We measured the gaps between each subsequent knot of H 2 emission for the bipolar and singlesided outflow lobes, and we show the distribution of these knot gaps in Fig. 7 . The gaps between each pair of knots can either reveal the locations of denser parts of the local environment, or represent the timescales between mass accretion/ejection events, or both. The median distance between the knots is 0.07 pc, and the mean is 0.12 pc. This corresponds to ∼ 0.9 -1.4 kyr between each knot, if we assume a projected transversal speed of 80 km s −1 and we assume a constant distance of 1.4 kpc toward Cygnus-X. The typical range of lengths between knot gaps is between 0.025 -0.1 pc, which corresponds to 0.3 -1.2 kyr. The time between ejection events was 1 -3 kyr in Auriga and Cassiopeia (F16) and 1 -2 kyr in Serpens and Aquila (IF12b).
Assuming a distance of 1.4 kpc toward Cygnus-X, the typical projected lobe length is up to ∼ 0.5 pc (for parsec-scale outflows). This corresponds to a dynamical timescale range of 0.5 -6 kyr, which limits the occurrence of major mass accretion events to being typically every kyr or so for the YSOs driving the outflows. This rules out FU-Ori type objects as possible driving sources for the majority of our outflows, given that they erupt on timescales of 5 -50 kyr (Scholz et al. 2013) , and EX-Ors (Aspin et al. 2010) , which erupt on a semi-regular basis every 1 -10 yr (Audard et al. 2014) . Recently, a new intermediate class of eruptive variable (MNors) has been suggested in Contreras Peña et al. (2017) following the discovery of a population of YSOs with an outburst frequency of ∼100 yr, but this is still lower than the timescales suggested by the typical gaps between outflow knots.
As shown in Fig. 7 , we split the distribution of the gaps between knots according to whether or not the outflow driving source is situated in a cluster. KS-testing is inconclusive about whether or not the clustered and non-clustered sub-samples are drawn from the same distribution (p = 58 %), and was similarly inconclusive when we tested the outflows driven by protostars and CTTSs against each other (p = 78 %). However, the median gap lengths are the same for both the clustered and non-clustered outflows (0.072 pc and 0.076 pc respectively) and for outflows driven by protostars and CTTSs (0.075 pc and 0.074 pc respectively). One might expect that the protostars would have mass accretion bursts more frequently (Vorobyov & Basu 2006) , and that we therefore might measure shorter gaps between each outflow knot than from the older driving sources, but we do not see such a difference. We might also expect to see a significant difference in the dynamical timescales between the major knots from clustered and nonclustered environments, but we do not see any such difference here either.
Outflow fluxes
We find that the typical bipolar outflow is faint in H 2 , with a median total flux of 18 × 10 −18 W m In the left-hand panel of Fig. 8 we plot the distribution of the total fluxes from every outflow lobe (grey), with the distribution split for bipolar (dark blue) and single-sided (light blue) lobes over the top. We find that the data are better fit by an exponential (RM S = 3.8) than by a powerlaw (RM S = 9.1). The distribution starts to deviate from a powerlaw above a flux of about 35 × 10 −18 W m −2 , which is comparable to the result found in Auriga and Cassiopeia (F16), where the powerlaw starts to deviate above 30 × 10 −18 W m −2 . The overall lobe flux distribution follows N ∝ F −0.4 , which is shallower than the N ∝ F −0.5 found in Auriga and Cassiopeia, and is outside the N ∝ F −0.5...−0.7 found in Serpens and Aquila by IF12b. All lobes CTTSs Protostars Figure 6 . Left-hand panels: Lobe length distributions (top pair) and lobe length ratio distributions (bottom pair). Right-hand panels: Lobe flux distributions (top pair) and lobe flux ratio distributions (bottom pair). In both sets of panels the distributions are split on the left for clustered and non-clustered environments and on the right for protostellar and CTTS driving sources. All histograms are normalised to the same number of objects. For reference, we show the distribution of "all" lobe lengths in the background, normalised and then stretched by a factor of two for visibility. Projected time between knot ejections [kyr] Figure 7 . The distribution of gaps between subsequent, individual outflow knots, split by whether or not the outflow that the knots are part of originates from a cluster. The axis is truncated at 0.7 pc, with five objects not shown. Both histograms are normalised to the same total number of objects.
In the right-hand panel of Fig. 8 we show the distribution of fluxes in all of the knots, and also performed powerlaw and exponential fitting to this data. We find that as with the lobe fluxes, the distribution is better fit by an exponential, with the RM S of the powerlaw being twice as high. The distribution of the knot fluxes, when fit by a powerlaw, follows N ∝ F −0.6 (exactly the same as was found in Auriga and Cassiopeia (F16)). In both cases, there are many bright outliers which occur too frequently for the distributions to follow a powerlaw; both deviate from a powerlaw above 15 × 10 −18 W m −2 . The RM S of the powerlaw fit is around twice as high as the exponential fit for all cases. We should note that in the left-hand panel of Fig. 8 , there are 60 outflow lobes (mostly from very active star-forming regions) which have a flux much greater than 60 × 10 −18 W m −2 and are not shown, and in the right-hand panel there are 37 knots not shown beyond 25 × 10 −18 W m −2 . Note that we exclude the single knots from both panels of this figure, although we did measure their fluxes. When we split the distribution of fluxes into bipolar / single-sided outflows and single knots, we found no statistical difference in the distributions of fluxes from knots in single-sided outflows and from single knots (p = 99.45 %), but the knots from bipolar flows have a different distribution from them both (p = 4.81 % and p = 0.14 %, for single-sided flows and single knots respectively). The total distribution of "all" outflow lobes is shown in the background to provide a point of reference. Due to a large number of high-value outliers, the x-axis has been truncated so the 60 brightest outflows are not shown on this graph.
(Right) The distribution of fluxes in every knot (including only knots from bipolar and single sided outflows) is shown in grey. In both panels, the distributions have been scaled to the same total number of objects. The red line shows the powerlaw fits, whilst the green shows the exponential fits. From cluster Not from cluster Figure 9 . A log-log plot of the length of each lobe vs. the flux in that lobe, which includes bipolar and singlesided outflows. There is a weak linear correlation between the length and brightness (r = 0.52). The size of the points correspond to our confidence in the selected source (large points are more likely to be correctly identified).
In the right-hand set of panels in Fig. 6 we show the lobe flux (top right pair) and lobe flux ratio (bottom right pair) distributions in the same way as we did with the lobe length distributions. We find that the median flux ratio of the faint lobe over the bright one is 0.46 suggesting that in the typical bipolar outflow, one lobe is twice as bright as the other. Again, we performed KS-testing of each of these distributions against each other. The flux distributions from clustered and non-clustered environments are most likely not drawn from the same sample (p = 0.08 %), and results are inconclusive for the flux ratios. The very faintest outflows are slightly preferentially driven by isolated outflows. The KS-test was inconclusive when we tested the distributions of protostellar-and CTTS-driven outflows against each other for the lobe fluxes, but was clear for the flux ratios that they are drawn from different samples (p = 5.1 %). The greatest asymmetry occurs in outflows with CTTSs as driving sources. Since we saw the same result with the length ratios, this implies there may be some correlation between the length and flux in each lobe.
In Fig. 9 we plotted the log 10 lobe length against the log 10 lobe flux. We find a weak positive correlation between the length of a lobe and its brightness with correlation coefficient r = 0.52 and a confidence level of ∼ 26 %. Once again, splitting the sample by clustered vs. non-clustered environments or by evolutionary stage seems not to make any difference. Note the two lobes of the DR 21 main outflow are considerably brighter than all other outflows and fall outside of the axis limits.
INTERESTING INDIVIDUAL OUTFLOWS
Here we discuss a selection of outflows in more detail. For the full list of outflows images and brief descriptions on each of them, please refer to the online journal and Appendix B for an example of the format and content. Note that where we discuss the outflow H 2 luminosities, these have not been corrected for extinction and only include the contributions from the 1 -0 S (1) The main outflow of DR 21 has, by a long margin, the highest 1 -0 S(1) H 2 flux of any object in our sample. This outflow alone contains 42 % of the total H 2 flux presented in this catalogue. The lobe extending toward the north-east is redshifted, with the blue-shifted lobe extending toward the south-west (Garden et al. 1991) . We find that the lobes are almost symmetrical in length (R L = 0.89) and flux (R F = 0.91), with the redshifted lobe being the slightly shorter and fainter one.
There has historically been some of disagreement about the correct distance toward DR 21, with typical estimates ranging between 1.5 kpc and 3 kpc (e.g., Genzel & Downes (1977) Rygl et al. (2012) determined the distance toward DR 21 of 1.5 kpc using maser parallax. Using the Rygl distance, the total 1 -0 S(1) H 2 luminosity is 1.1 L , and the projected total length is 2.7 pc, making this also one of the longest outflows in the sample. However, if we assume the distance to DR 21 is closer to the 3 kpc value used by Davis et al. (2007) then the projected total length increases to 5.4 pc and the total 1 -0 S(1) H 2 luminosity to 4.3 L . The second-highest 1 -0 S(1) H 2 flux comes from OF 213, driven by the well-studied object AFGL 2591-VLA3 (Johnston et al. 2013) . The outflow has been detected at various wavelengths and was first named as a Herbig-Haro object (HH 166) in Poetzel et al. (1992) . Originally, the distance to this object was estimated at 1 -2 kpc (from e.g. Poetzel et al. (1990 Poetzel et al. ( , 1992 , Trinidad et al. (2003) , van der Tak & Menten (2005) ), but Rygl et al. (2012) measured 3.33 kpc ± 0.11. At a distance of 3.33 kpc, Johnston et al. (2013) determine the luminosity of the driving source as 2.3 × 10 5 L . We determine the total 1 -0 S(1) H 2 luminosity of the outflow to be 0.42 L at the same distance, with a total length of 1.47 pc. In this case, the blue-shifted lobe (extending to the west) is shorter than the red-shifted lobe, and 1.6 times brighter. The third-highest 1 -0 S(1) H 2 flux comes from the W 75 N main outflow, which is also one of the longest outflows in the sample. Given the Rygl et al. (2012) distance toward the outflow of 1.3 kpc ± 0.07, we calculate the total length to be 3.33 pc with a total 1 -0 S(1) H 2 luminosity of 0.064 L .
Highlights from the newly discovered outflows OF 021 TO OF 026, POTENTIALLY TRIGGERED STAR FORMATION
A series of six outflows are located at the tip of a bright rimmed cloud near IRAS 20294+4255, shown in Fig. 10 . This low-mass region warrants further study as a classical example of triggered star formation. The cloud itself appears to be illuminated by an O/B star to the south, given the fluorescent H 2 emission around the southern rim of the cloud. The southernmost outflow, OF 021 (MHO 3567), appears as a north-south oriented pair of emission knots either side of a source that has wings of J-and H-band reflection nebulosity along the north-south axis. The UGPS and 2MASS colours suggest that the star is less reddened than the others in this cloud, and it has no WISE detection, suggesting it is more evolved. The knots are also fainter than those in the other outflows.
The outflows OF 022 (MHO 3569), OF 023 (MHO 3571), and OF 024 (MHO 3568) have a less certain assignment of knots to outflows, but all potential driving source candidates are reddened and have K-band reflection nebulae in directions either perpendicular or parallel to OF 021. Each of these stars is a known YSO in Kryukova et al. (2014) ; their α values from Spitzer, like ours (from WISE), are all positive (∼ +1) suggesting at least Class I objects. The two most northerly outflows, OF 025 (MHO 3566) and OF 026 (MHO 3564) both have driving sources with α ∼ +2. OF 026 is the most northerly and is not visible at shorter wavelengths than 3.6 µm. It also drives a strongly precessing Sshaped outflow whose H 2 flux is four times higher than the emission from OF 021 to OF 025 combined. Given the lack of any NIR detection of the source of OF 026 and its apparently precessing outflow, this could well be a very young binary Class 0 source.
OF 037 (MHO 4044)
V 1219 Cyg (Stecklum & Linz 2013 ) is one of most variable driving sources in the sample, with (K 2 -K 1 ) = -0.84 mag and (K 1 -K S ) = -1.11 mag (see top left, Fig. 2) . We detected two H 2 bow shocks leading away from this star, and interestingly, evidence of shocks strong enough to produce [Fe II ] in the curved H-band emission (green in our image) leading away from and apparently con-nected to the star. It is not clear if this is reflection nebulosity around the star, but this emission also has a diffuse trail connecting it to the north-eastern bow shock which also contains H-band emission, suggesting we may be seeing a partly-illuminated cavity.
OF 076 (MHO 3972) This outflow has a projected total length of 0.9 pc at the assumed distance of 1.4 kpc, and is already known in CO as [GKM2012b] G82.186+0.105 (Gottschalk et al. 2012) . In terms of length, this is one of the most symmetrical outflows in the sample with a length ratio of R L = 0.96. However, the south-east lobe is twice as bright as the northwestern lobe (see top right, Fig. 2 ).
OF 085 (MHO 4005)
A 1.2 pc outflow with knotty bow shocks on both lobes and a deeply embedded source, likely where the outflow axis is crossed by a dusty filament. There are no detections in any of our selected point-source catalogues; the nearest is a BGPS mm detection 20 away. Like OF 076, this outflow is almost completely symmetrical in length, but the north-west lobe has twice the flux of the southeastern lobe (see centre left, Fig. 2 ).
OF 125 (MHO 4077)
The only FU-Ori star in the sample, V 1057 Cyg, is highly variable between 2MASS and UGPS (K 1 -K S = 3.8 mag) but hardly at all between the two epochs of UGPS (K 2 -K 1 = 0.01 mag). Interestingly, both OF 037 and OF 125 are highly asymmetrical in both their lobe lengths (R L = 0.3 and R L = 0.4 respectively) and their lobe fluxes (R F = 0.5 and R F = 0.3 respectively). For both outflows, the bright lobe is also the shorter of the two.
OF 180 (HH 570)
A short, faint outflow (∼0.6 , or 0.25 pc). This outflow is the central counterpart of known Herbig-Haro object, HH 570, which is ∼3 in length (Bally & Reipurth (2003) , where no driving source is listed). Neither of the two lobes visible in the optical (HH 570 S and HH 570 N) are detected at all in our images, but we do see curved K-band reflection nebulae either side of [RGS2011] J20512.91+440429.6 (Rebull et al. 2011) , which is listed as a Class I YSO and we suggest this is the most likely driving source. In Rebull et al. they use a distance toward the North America Nebula of 520 pc. If we use this as the distance toward the outflow then the length for the H 2 counterpart of HH 570 becomes only 0.09 pc. OF 197 (MHO 3878) A 1.3 pc outflow with a Bolocam mm detection in the middle of a dark cloud that crosses the outflow axis, suggesting a deeply embedded source. The outflow is known in CO under [GKM2012b] G81.140+0.687 (Gottschalk et al. 2012 ) (see centre right, Fig. 2 ).
OF 238 (MHO 3493)
A 1.5 pc complex outflow, more-or-less perpendicular to a reddened filament. The bright star selected as a potential driving source is emission-line star [D75b] Em* 20−090. This star is also listed as [MSX6C] G077.9280+00.8711 (Urquhart et al. 2011) , which gives an adopted distance of 1.4 pc, and a near/far kinematic distance of 1.8 kpc. If we use 1.8 kpc as the distance toward the outflow the total length is increased to 1.9 pc (see bottom left, Fig. 2 ).
OF 261 (MHO 3497)
A 0.7 pc outflow that appears to run along a dusty filament. The southern lobe has almost twice the length and flux of the northern lobe. The selected source is a known YSO [KMH2014] J202618.88+391955.35 (Kryukova et al. 2014 ) (see bottom right, Fig. 2 ).
CONCLUSIONS
In order to study the statistical properties of jets and outflows from young stars in the Cygnus-X star-forming region, we have analysed 42 square degrees of images taken in the narrow-band filter centred on the 2.122 µm 1 -0 S(1) molecular hydrogen line, obtained as part of the UWISH2 survey. The area covered by the data contains most of the high column density regions within 74
• and -3 • < b < 5 • . We investigated the H 2 -K difference images as well as JKH 2 colour composites to identify all detectable extended H 2 emission-line features that can be associated with outflows from Young Stellar Objects. Properties such as the length, orientation, and flux of all identified outflows have been consistently measured. We further identified potential driving sources and measured their properties (evolutionary stage, clustered or isolated environment) for all outflows.
In total we have identified 572 outflows in the survey area, almost half of of which (261) are bipolar and for about one quarter (152) only one side was detectable. The remaining quarter (159) is comprised of H 2 knots without a clear association to a single identifiable outflow. Despite the fact that Cygnus-X is a well studied region, only 107 of the outflows are previously known. Thus, this work represents a more than 430 % increase in the number of known outflows from young stars in this region. Based on the fraction of the UWISH2 data analysed so far, we estimate that there will be about 2000 jets and outflows, with about half of these being bipolar.
For 93 % of the bipolar and 96 % of the single sided outflows we have identified a reliable driving source location. About 40 % of the outflows are associated with a clustered environment, while the remainder originate from isolated sources. Using WISE data we were able to determine the slope of the SED for about half of the driving source candidates, and find that 80 % of them are protostars while 20 % are CTTSs. We further study the K-band variability over several years for driving sources where we had more than one magnitude available from UGPS and/or 2MASS. About 60 % of the sources are variable at the 0.1 mag level or above, 20 % are variable at the 0.5 mag level or above and about 10 % of all sources vary by more than 1.0 mag.
The distribution of outflow orientations in our sample is in agreement with a random distribution. In the typical bipolar outflows the two lobes are misaligned by about 5
• . About 10 % of all outflows occur in multi-outflow systems which are mostly X-shaped, with two or more outflows originating from the same apparent (binary) source. Roughly 40 % of outflows in these systems show signs of precession, compared to only about 20 % for the remainder of the population.
The median total length of the bipolar flows is 0.45 pc, and 41 (16 %) of the bipolar outflows are over 1 pc in total length. The median total 1 -0 S(1) flux of the bipolar flows is 18 × 10 −18 W m −2 , which corresponds to a median outflow luminosity of 1.1 × 10 −3 L at the assumed distance of 1.4 kpc toward all the outflows. However, we find the typical bipolar outflow to be asymmetrical, with the median ratio between the short and long lobe lengths being 0.7. Similarly, the median ratio between the faint and bright lobe fluxes is 0.5. Furthermore, there is a weak correlation between the lobe fluxes and lobe lengths, of the form F ∝ L 0.7 . When fit with a powerlaw, we find that the number of lobes and the flux are related via N ∝ F −0.4 , which is slightly shallower than what was found in other regions. However, the full flux distribution is better fit by an exponential distribution, in agreement with results in Auriga and Cassiopeia (F16).
The gaps between major knots in the outflow lobes have been measured for each outflow, and their distribution analysed. Typically these gaps are between 0.025 -0.1 pc. This corresponds to a time difference between the ejection of the material generating these knots of about 0.9 -1.4 kyr assuming an ejection velocity of 80 km s Figure 11 . OF 263 (MHO 3501): A bipolar outflow bisected by a star which has K-band reflection extended along the outflow axis.
B. IMAGES OF THE OUTFLOWS
In Fig. 11 we show an example (OF 263, MHO 3501) of an entry from the figure set representing each of our outflows, with the complete set (572 images) being available in the online journal. We show both the H 2 -K (left) and JKH 2 (right) images in every case, and the caption contains accompanying details which includes but is not limited to; any relevant Herbig-Haro designation; whether the candidate driving source is a known YSO, and the YSO ID number; and whether the outflow is associated with or nearby to a known cluster, star-forming region (SFR) or H II region. If the outflow is already known as an MHO , we also list all the known MHOs which are included in the outflow and explain the correspondence between our knots and the known MHO ID numbers. 
C. NEWLY DISCOVERED CLUSTERS
We report 30 previously-unknown clusters and stellar groups within the Cygnus-X region as a result of this survey. We show images of each of these in a figure set (the complete set of 30 figures is available in the online journal), and Fig. 12 is provided as an example of the form and content. In the accompanying caption for each newly-discovered cluster or group, we report additional details such as the position (in J2000), apparent radius (in arcminutes) and number of NIR visible members, as well as a brief description and a listing of any nearby or associated H 2 outflows. Note that the ID numbers which appear to be missing are associated with known clusters and hence are excluded from this list.
